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Abstract 
Two experiments investigated the interactive effects of emotion and attention on attentional startle 
modulation. Participants performed a discrimination and counting task with two visual stimuli 
during which acoustic eyeblink startle eliciting probes were presented at long lead intervals. In 
Experiment 1, this task was combined with aversive Pavlovian conditioning. In group Attend CS+, 
the attended stimulus was followed by an aversive unconditional stimulus (US) and the ignored 
stimulus was presented alone whereas the ignored stimulus was paired with the US in group Attend 
CS-. In Experiment 2, a non-aversive reaction time task US replaced the aversive US. Regardless of 
the conditioning manipulation and consistent with a modality non-specific account of attentional 
startle modulation, startle magnitude was larger during attended than ignored stimuli in both 
experiments. Blink latency shortening was differentially affected by the conditioning manipulations 
suggesting additive effects of conditioning and discrimination and counting task on blink startle.  
Key words: Startle reflex, attention, emotion, electrodermal responses 
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Introduction 
The eyeblink startle reflex is elicited by a brief intense stimulus presented in the acoustic, 
visual or tactile modality. Both the latency and magnitude of the blink reflex can be modulated by a 
prepulse or lead stimulus. The extent of blink modulation varies with the lead interval, the time 
between the onset of the lead stimulus and the startle eliciting stimulus, the emotional valence of the 
lead stimulus (e.g., Lang, Bradley, & Cuthbert, 1990), and with the attention allocated to it (e.g., 
Filion, Dawson, & Schell, 1993). At lead intervals greater than 2000 ms, earlier research suggested 
that attentional startle modulation is affected by the sensory modality in which lead and probe 
stimuli are presented (Anthony & Graham, 1985; Putnam & Vanman, 1999). Startle blink was said 
to be facilitated if both stimuli were in the same modality, but inhibited if attention was directed 
away from the probe stimulus towards a lead stimulus in a different sensory modality. However, 
more recent research suggests that the startle reflex is facilitated during attended stimuli relative to 
non-attended stimuli regardless of stimulus modality (Lipp, Neumann, Pretorius, & McHugh, 2003; 
Böhmelt, Schell, & Dawson, 1999). 
The emotional valence of a lead stimulus modulates the startle reflex in a linear fashion with 
larger startles during aversive stimuli as shown for lead stimuli such as pictures, films, sounds and 
smells (Lang et al., 1990; Bradley, Cuthbert, & Lang, 1999). Similarly, fear-potentiated startle has 
been demonstrated during conditional stimuli (CS+) paired with an aversive unconditional stimulus 
(US; shock) in animal (Davis, Falls, Campeau, & Kim, 1993) and human aversive Pavlovian 
conditioning (Hamm, Greenwald, Bradley, & Lang, 1993; Lipp, Siddle, & Dall, 1998). However, 
larger startle during CS+ than during CS- has also been observed in non-aversive human Pavlovian 
conditioning using a reaction time (RT) task as the US during which the CS+ did not acquire 
negative valence (Lipp, 2002).  
The sensitivity of startle magnitude to both emotional and attentional processes can be 
problematic as these are not independent. Emotional processes cannot occur in the absence of 
simultaneous attentional processes (Lang, Bradley, & Cuthbert, 1997). Although extensive research 
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into the modulation of startle by attention and by emotion has been conducted for each process 
separately, relatively little is known about the additive or interactive effects of attentional and 
emotional processes on the modulation of startle. In one such study, Vanman, Böhmelt, Dawson, 
and Schell (1996) presented negative and positive pictures in a discrimination and counting task 
(Dawson, Filion, & Schell, 1989). Participants were asked to judge the duration of pictures 
preceded by a high pitch tone and to ignore those preceded by a low pitch tone. Startle was larger 
during negative than during positive pictures at lead intervals of 750 and 2450 ms. At 4450 ms, 
startle varied with both attention and emotion, with larger blinks during negative pictures, and 
during attended pictures regardless of picture valence. In a second experiment, in which participants 
attended either only to the pleasant or only to the unpleasant pictures Vanman et al. failed to find 
attentional startle modulation. Affective modulation of startle occurred at the 250 ms probe 
position, with prepulse inhibition greater during positive than negative pictures, and at 750 ms, with 
larger startle magnitude during negative than during positive pictures. 
Lipp, Neumann, Siddle, and Dall (2001) conducted two experiments similar to those by 
Vanman et al. (1996); however the experimental procedure was simplified by using only one 
pleasant and one unpleasant picture. The standard discrimination and counting task was used, in 
which participants were required to count the number of longer than usual presentations of one 
picture and to ignore the second (Dawson et al., 1989). In the second experiment blink inhibition at 
the 250 ms probe position was greater during attended than during ignored pictures regardless of 
valence. At the 4450 ms probe position an interaction emerged, with larger startles during attended 
than during ignored unpleasant pictures whereas there was no difference for pleasant pictures. 
Interestingly, no effect of picture valence on startle modulation was found in the first experiment, 
which utilized only two lead intervals, 3500 and 4500 ms. Rather, startle magnitude was larger 
during the attended than during the ignored stimulus regardless of picture valence.  
The goal of the present study was to investigate the effects of lead stimulus valence and 
attention to the lead stimulus on blink startle further. More specifically, it aimed to establish 
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whether the effects of attention and emotion on startle modulation are additive or interactive. Thus, 
it was to determine whether the processes underlying these effects are independent or share 
common elements. The discrimination and counting task was employed in the present study as the 
attentional task manipulation. The startle reflex has consistently been shown to be facilitated during 
attended relative to ignored stimuli in this task, with uni-modal and cross-modal stimulus and probe 
presentation (Filion et al., 1993; Lipp et al., 1998, 2003; Böhmelt et al., 1999). Aversive 
conditioning consistently leads to facilitation of the startle reflex, and was chosen as the emotional 
manipulation (e.g., Hamm et al., 1993; Lipp et al., 1998). Experiment 1 investigated whether the 
modulation of startle during the discrimination and counting task would change if the attended or 
the ignored stimulus were emotionally toned by use of aversive conditioning.  
Experiment 1 
The aim of Experiment 1 was to investigate the interactive effects of attention and emotion 
on the modulation of the startle blink reflex. Attentional startle modulation was assessed in the 
discrimination and counting task and aversive differential conditioning was used to alter the 
emotional valence of the task stimuli. In one group of participants (Group Attend CS+), the 
attended stimulus was followed by an electric shock whereas the ignored stimulus was presented 
alone. In a second group (Group Attend CS-), the ignored stimulus was followed by an electric 
shock whereas the attended stimulus was presented alone. The assumption that attention to a 
stimulus and its emotional valence exert independent, modality non-specific effects on blink startle, 
generates the following predictions: a) blink startle during the attended stimulus will be larger in 
Group Attend CS+ (attention effect + emotion effect) than in Group Attend CS- (attention effect); 
b) startle during both the attended (attention effect) and the ignored stimulus (emotion effect) in 
Group Attend CS- will be larger than during the ignored stimulus in Group Attend CS+ (neither); c) 
the difference in startle modulation during CS+ and CS- will be larger in Group Attend CS+ 
(attention effect + emotion effect vs. neither) than in Group Attend CS- (attention effect vs. emotion 
effect).  
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In addition to startle modulation, electrodermal activity was monitored. Electrodermal 
activity, like blink startle modulation, is enhanced during attended stimuli and during the CS+ in 
aversive conditioning (Lipp et al., 1998), and should replicate the pattern of results seen for blink 
startle modulation assuming modality non-specificity. Further, participants’ ability to verbalise the 
CS-US relationship and their affective evaluation of the stimuli were assessed following the 
experiment. Awareness of CS-US contingency is considered necessary to obtain electrodermal 
conditioning (Dawson & Schell, 1987), and possibly also affective conditioning (e.g., Lovibond & 
Shanks, 2002; but see Weike, Schupp, & Hamm, 2007).  
Method 
Participants 
Forty-eight (32 female) undergraduate students aged 17 to 35 (M = 19.35) participated in the 
experiment for course credit and provided informed consent. The data from an additional eight 
participants with too many zero or missing startle eye-blink responses (Group Attend CS+: 4; 
Group Attend CS-: 4), and from two participants who failed to follow instructions, were excluded 
from startle analyses. Participants were randomly allocated to two groups until there were 24 
participants with complete startle data in each, with 8 males and 16 females per group. Participants 
with electrodermal responses to at least the first two stimuli were selected from these groups for 
electrodermal response analysis (Group Attend CS+: 23; Group Attend CS-: 21), with additional 
data provided by participants excluded from startle analysis. Ratings and task performance data are 
reported for participants who contributed startle data.  
Apparatus 
Electrodermal responses were measured with two domed Ag/AgCl electrodes placed on the 
distal phalanges of the index and middle fingers of the left hand. A constant voltage of 0.5 V was 
applied across the electrodes. Responses were amplified via a Grass 7P1F preamplifier and recorded 
at a sensitivity of 0.05 microSiemens (μS)/mm pen deflection. Electrodes were filled with KY Jelly 
and attached with surgical tape. Respiration was measured by a Phipps and Bird chest strain gauge 
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and recorded on polygraph paper via a Grass 7P1 preamplifier to allow identification of respiratory 
artefacts in skin conductance. 
Two miniature (4 mm) Ag/AgCl electrodes filled with standard electrode gel (Surgicon ECI) 
and attached with double-sided adhesive collars recorded raw electromyogram (EMG) from over 
the orbicularis oculi of the left eye. Placement of the first electrode was approximately 1 cm below 
the lower lid; the second electrode was placed 1 cm edge-to-edge laterally. Electrode placement 
sites were prepared with electrode gel and a ground electrode was attached to the left forearm. A 
Grass 7P3C preamplifier amplified (100 μV/cm) and filtered (low-pass 3000 Hz, high-pass 10 Hz) 
the EMG. Raw EMG was sampled by an IBM compatible computer at a rate of 1000 Hz in a time 
window of 500 ms beginning 100 ms prior to startle stimulus onset.  
The startle-eliciting stimulus was a 50 ms 105 dB burst of white noise with near-
instantaneous rise-time, produced by a custom-built noise generator and delivered binaurally over 
Sennheiser headphones. Visual stimuli were backprojected by a Leitz Pradovit slide projector fitted 
with a tachistoscopic shutter onto a screen approximately 1.6 m in front of the participant at eye-
level and subtending a visual angle of approximately 7°. The electrotactile shock stimulus was a 50 
Hz pulse, which lasted for 500 ms, and was produced by a battery-powered custom built shock 
generator with voltage set individually by each participant. The electrotactile stimulus was 
delivered to the volar surface of the right forearm through a concentric Tursky electrode with 
electrode pads soaked in a saline solution. Presentation of stimuli and recording of responses was 
controlled by a custom-written computer program. 
Procedure 
Upon arrival in the laboratory, participants provided consent, received basic information 
about the experiment and washed their hands and under their left eye with soap. Participants were 
seated in a chair in a partially illuminated, sound attenuated room. Electrodes were attached and two 
presentations of the startle probe were given to check EMG electrode placement. During shock 
work-up, the shock level was increased until participants reported the sensation to be “unpleasant, 
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but not painful”. A three-minute baseline phase, during which no stimuli were presented and during 
which non-specific electrodermal responses were monitored, preceded the experiment proper. 
Participants were asked to watch the slide screen and to refrain from moving. 
Pictures of geometric shapes, a circle and an ellipse (ratio of height to width, 5:4), served as 
attended and ignored stimuli in the discrimination and counting task. Shapes were presented for 
either 5 s (75 % of the trials) or 7 s (25 % of the trials). Participants were asked to count the number 
of longer-than-usual presentations of one shape (e.g., the circle) and to ignore the presentations of 
the second (e.g., the ellipse). A monetary reward was provided contingent on correct performance 
of the counting task (AUD$5 if correct, AUD$4 if one off, etc.). Although Hawk, Redford, and 
Baschnagel (2002) have shown that a monetary incentive is not necessary for long-lead interval 
attention effects during a simple attention task, provision of a reward was consistent with previous 
use of the discrimination and counting task in our laboratory. The electrotactile shock US was 
presented at the offset of the attended shape in Group Attend CS+ and at the offset of the ignored 
shape in Group Attend CS-.  
Participants received 32 trials, consisting of 16 presentations each of the attended and the 
ignored shape. Sixteen startle-eliciting stimuli were presented during shapes, eight during attended 
and eight during ignored. Half the startle-eliciting stimuli were presented at a lead interval of 3.5 s 
and the others at a lead interval of 4.5 s after shape onset. They were scheduled such that equal 
numbers of trials were probed at the same lead interval in the first and second half of the 
experiment. Two probe positions were used to reduce the predictability of the probe stimulus onset. 
Sixteen startle probes were presented randomly during intertrial intervals (ITIs) in a pattern fixed 
for all participants. No probes were presented within 8 s following or preceding a shape. Order of 
stimuli and allocation of shape to condition (attend or ignore) and sequence of startle probes were 
counterbalanced across participants. Intertrial intervals were 20 s, 24 s or 30 s in duration. 
Following the experiment, the electrodes were removed and participants were asked to 
report their count of the number of longer-than-usual attended shapes. Participants then completed a 
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short questionnaire to ascertain whether they could verbalise the relationship between the shapes 
and the US. Participants were asked which shape they thought was followed by the US (possible 
responses: “circle”; “ellipse”; “neither, i.e., there was no relationship between shapes and the 
electrotactile stimulus”; “I couldn’t tell”). The questionnaire also ascertained how unpleasant 
participants found the electrotactile stimulus, the circle, and the ellipse. The scale ranged from 
“extremely unpleasant” (through “quite unpleasant”, “a little unpleasant”, “neither unpleasant nor 
pleasant”) to “pleasant”. Additionally, participants were asked to indicate whether they found the 
electrotactile stimulus or the startle-eliciting stimulus (“noise in the earphones”) to be more 
unpleasant.  
After completing the questionnaire, participants were debriefed and received the appropriate 
payment for their discrimination and counting task performance. To ensure that participants had 
been correctly attempting the discrimination and counting task, those who had performed poorly 
(off the correct answer by two or more) were asked to describe the experimental task they had 
performed.  
Scoring, Response Definition and Statistical Analysis 
The respiration traces were inspected and electrodermal responses associated with 
respiratory artefacts (coughing, very deep breaths) were scored as missing. Respiratory artefacts 
were defined as clearly visible changes in respiratory patterns and inhalations more than three times 
the base-to-peak amplitude of the average respiration functions. The number of spontaneous 
responses during baseline was counted and compared between groups in order to ensure 
equivalence in electrodermal responsiveness. Electrodermal responses were scored as the 
magnitude of the largest response that began in a latency window from 1.0 s to 3.5 s following the 
onset of the attended and ignored stimuli and exceeded 0.025 μS (Prokasy & Kumpfer, 1973). 
Electrodermal responses were scored on all trials and arranged into four blocks of four trials for 
each shape. The block averages were square-root transformed before statistical analysis to control 
for positive skew (Boucsein, 1992). Electrodermal responses were analysed in a 2 x 2 x 4 (Group 
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[Attend CS+, Attend CS-] x Attend [attended stimulus, ignored stimulus] x Block [1-4]) repeated 
measures factorial ANOVA. 
Electromyographic activity to startle probes was rectified and integrated offline using a 
Butterworth low pass filter (low cut-off 80 Hz). A custom-written computer program was used to 
score amplitude and latency of startle responses. Response latency was determined from the raw 
EMG signal by visual inspection and defined as the time from stimulus onset to a visible change in 
the EMG trace. Response magnitude was defined as the maximum of the integrated response curve 
occurring in a window ending 200 ms after probe onset (measured from a baseline of integrated 
activity at response onset). Responses starting more than 60 ms after probe onset were scored as 
zero responses. Trials were scored as missing if the baseline was unstable, i.e., changed by more 
than 50 A/D units in the 100 ms pre-probe period, or if a response began fewer than 20 ms after 
probe onset. A participant’s startle data were discarded if more than one third of the trials in each 
level of each variable, or more than half of all trials, were zero responses or missing. Latency of 
startle responses to ITI probes was averaged and subtracted from startle latency during shapes. 
Blink magnitudes were transformed into T-scores to control for individual differences in startle 
magnitude and change scores calculated by subtracting magnitudes of ITI startles from those 
elicited during shapes. The transformation was based on startles elicited during shapes and during 
ITIs. Startle latency and magnitude change scores were analysed in 2 x 2 (Group [Attend CS+, 
Attend CS-] x Attend [attended stimulus, ignored stimulus]) ANOVAs. 
Ratings of the unpleasantness of the circle and ellipse were re-coded according to the 
stimulus assignment and analysed in a 2 x 2 (Group [Attend CS+, Attend CS-] x Conditioning 
[CS+, CS-]) ANOVA.  
In all cases the multivariate solution (Pillai’s trace) for each ANOVA is reported unless 
stated otherwise. t-tests were used to follow-up significant interactions. To protect against the 
violation of the assumption of sphericity, Greenhouse-Geisser corrections and degrees of freedom 
were used for t-test calculations. Critical values from Dunn’s tables were used for all t-tests in order 
Emotional and attentional load and attentional startle modulation 
11 
to protect against the accumulation of α–error (Howell, 1997). 
Results 
Electrodermal responses 
The two groups did not differ in the number of spontaneous electrodermal responses 
displayed during the three-minute baseline phase, t(46) < 1, Group Attend CS+: M = 12.90, SD = 
9.65; Group Attend CS-: M = 14.30, SD = 7.17. As shown in the upper panel of Figure 1, 
electrodermal responses were larger to attended than ignored shapes, but this difference seemed to 
decrease across blocks. The analysis yielded main effects for Block, F(3, 44) = 42.96, p < .001, ηp2 
= .745, and Attend, F(1, 46) = 18.70, p < .001, ηp2 = .289, and a Attend x Block interaction, F(3, 
44) = 3.54, p = .022, ηp2 = .195. Electrodermal responses were larger to attended than ignored 
shapes in Blocks 1-3, all t(46) > 3.01, p < .01, but not in block 4, t(46) < 1.50. Overall, 
electrodermal responses tended to be larger in Group Attend CS- than in Group Attend CS+, F(1, 
46) = 3.45, p = .070, ηp2 = .070. 
Insert Figure 1 about here 
Blink Startle 
The two groups did not differ in magnitude (Group Attend CS+: M = 633 A/D units, SD = 
488; Group Attend CS-: M = 663 A/D units, SD = 466) or latency (Group Attend CS+: M = 38.5 
ms, SD = 4.6; Group Attend CS-: M = 38.4 ms, SD = 4.5) of blinks during ITIs, both t(46) < 1. 
Figure 1 (lower left panel) shows that blink startle magnitude was larger during the attended than 
during the ignored stimuli in both groups, F(1, 46) = 19.48, p < .001, ηp2 = .297. Inspection of the 
95% confidence intervals revealed that blink startle during all shapes was larger than during ITIs in 
both groups. Blink startle latency was also shortened during all stimuli relative to ITI startles. As 
shown in the lower right panel of Figure 1, latency shortening was greater during the attended than 
during the ignored shape in Group Attend CS+, t(46) = 6.74, p < .05, but not in Group Attend CS-, 
t(46) < 2.0. The ANOVA yielded a main effect for Attend, F(1, 46) = 4.02, p = .051, ηp2 = .080, and 
a Group x Attend interaction, F(1, 46) = 22.40, p < .001, ηp2 = .327. Latency shortening during the 
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attended stimulus in Group Attend CS+ was greater than during the attended and the ignored stimuli 
in Group Attend CS-, t(46) = 2.69, p < .05 and t(46) = 4.62, p < .05, respectively. Blink latency 
shortening during the two ignored stimuli did not differ between groups, t(46) < 1. 
Task performance, ratings and contingency report 
The correct number of longer than usual attended stimuli was reported by 31 participants 
(Group Attend CS+: 16; Group Attend CS-: 15) and performance on the task (correct/incorrect) did 
not differ between groups Χ2(1, N = 48) = .091, ns. Participants evaluated the stimulus that had been 
paired with the electrotactile unconditional stimulus as less pleasant (M = 3.56, SD = 0.80) than the 
stimulus that had been presented alone (M = 3.98, SD = 0.64), F(1, 46) = 9.37, p = .004, ηp2 = .169. 
The majority of participants were able to correctly verbalize the CS+/US contingency (Group 
Attend CS+: 21/24; Group Attend CS-: 19/24). 
Discussion  
The findings of Experiment 1 can be summarized as followed. Contrary to the prediction 
based on the assumption that attention to a stimulus and its emotional valence exert independent, 
modality non-specific effects on blink startle, blink magnitude was larger during the attended than 
during the ignored stimulus regardless of its valence. Thus, the differential aversive conditioning 
manipulation seemed to have no effect on startle magnitude change which only reflected on the 
attentional task manipulation. The electrodermal responses closely paralleled the startle magnitude 
results with larger electrodermal responses to the attended shapes in both groups. Blink startle 
latency suggested a different pattern. Consistent with the hypothesis, startle latency shortening was 
larger during the attended that during the ignored stimulus in Group Attend CS+, but not in Group 
Attend CS-. This suggests that in Group Attend CS- the emotional and the attentional manipulation 
had an effect. However, the extent of startle latency shortening in Group Attend CS- did not exceed 
that seen during the ignored stimulus in Group Attend CS+. Thus, there is only limited support for 
the notion that attention to a stimulus and its emotional valence exert independent effects on blink 
startle. It should be noted, however, that the current pattern of results is consistent with the notion 
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that the effects of attention on blink startle at long lead intervals are modality non-specific and is 
incompatible with a modality specific account of attentional startle modulation.  
The limited effect of the aversive conditioning manipulation on startle modulation in 
Experiment 1 raises questions as to its effectiveness to induce fear potentiated startle. One might 
argue that a procedure which employs conditional stimuli that differ in duration in an unpredictable 
fashion is not conducive to fear learning, and that little or no fear learning was acquired by the CS+ 
which, although a perfect predictor of the occurrence of the US, was a poor predictor of the actual 
timing of the US. The pattern of blink startle magnitude modulation and differential electrodermal 
responding seen in Experiment 1 is consistent with this interpretation and is as expected if only the 
attentional manipulation were effective. However, there is evidence that conditioning occurred, in 
that the valence ratings collected after task completion were more negative for CS+ than for CS-. 
Moreover, blink latency shortening was larger during the attended stimulus in Group Attend CS+ 
than in Group Attend CS-, suggesting some added effect of aversive conditioning. On the other 
hand, there was no difference between groups in startle latency shortening during the ignored 
stimuli. Experiment 1a was conducted to assess whether fear potentiated startle can be observed in 
the conditioning procedure used in Experiment 1. Thus, participants were presented with the same 
stimuli as in Experiment 1, but were not asked to perform the discrimination and counting task.  
Experiment 1a 
The general method and procedure, response measurement and quantification were the same 
as in Experiment 1 with the exception that participants, N = 24, 18 females, aged 17-34 (M = 19.4, 
SD = 3.32), were not asked to perform the discrimination and counting task. Relative to blinks 
elicited during ITIs, blink magnitude was facilitated and blink latency was inhibited during both 
conditional stimuli as confirmed by inspection of the 95% confidence intervals. Blink magnitude 
was larger during CS+ (M = 5.22, SD = 6.00) than during CS- (M = 2.74, SD = 4.90), F(1, 23) = 
5.16, p < .05, ηp2 = .183, as was blink latency shortening (CS+, M = -3.73, SD = 2.88; CS-, M = -
2.33, SD = 2.70), F(1, 23) = 4.58, p < .05, ηp2 = .166. Thus, differential conditioning, albeit perhaps 
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smaller than observed previously (Hamm & Vaitl, 1996; Lipp et al., 1998), was established in the 
present conditioning procedure. The difference in effect size may speak to the effects of reduced 
predictiveness of the CSs; however, it does not explain the failure to find differences in startle 
magnitude modulation between the attended and ignored stimuli in Experiment 1. Given that a 
conditioning manipulation like the one used in Experiment 1a is suitable to support fear potentiated 
startle and that there was no effect of conditioning on startle magnitude when combined with the 
effects of the discrimination and counting task, one may argue that the assumption that combining 
two sources of startle modulation will lead to a combination of their respective effects is not valid 
and that the processes which underlie emotional and attentional blink modulation do not share 
common elements. It may be that the more salient manipulation, the attentional one in Experiment 
1, overshadowed the effects of the less salient, emotional, manipulation (see also Lipp et al., 2001; 
Experiment 1).  
Experiment 2 
The aim of Experiment 2 was to examine the modulation of the startle reflex by attention in 
the discrimination and counting task as a function of a second, attentional manipulation. Experiment 
1 used aversive conditioning to examine the effects of emotion on attentional startle modulation; 
however, the pattern of results observed seemed to indicate little additional effect of this 
manipulation. Experiment 2 combined non-aversive conditioning, using a RT task as the US, and 
the discrimination and counting task. Previous research from our laboratory has indicated that, as in 
aversive conditioning, startle is facilitated during non-aversive conditioning. If the failure to see an 
effect of emotion on attentional startle modulation in Experiment 1 reflects the dominance of one or 
the other paradigm, then a similar pattern should emerge in Experiment 2. If, however, the non-
aversive conditioning affects startle modulation in the discrimination and counting task, then it 
seems reasonable to assume that the lack of interactive effects on startle modulation in Experiment 
1 may reflect the involvement of two independent sources for startle modulation in emotional and 
attentional paradigms.  
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Method 
Participants 
Forty-eight (32 female) undergraduate students aged 17 to 55 years (M = 20.35) participated 
in the experiment for course credit. Participants gave informed consent prior to the experiment. The 
data from seven additional participants with too many zero or missing startle responses were 
excluded from the analyses (Group Attend CS+: 3; Group Attend CS-: 4). Participants were 
randomly allocated to two groups until there were 24 participants, 16 females per group, with 
complete startle and RT data in each. Participants with at least two electrodermal responses were 
selected for skin conductance analyses (Group Attend CS+: 22; Group Attend CS-: 22), with 
additional data provided by participants excluded from startle analysis.  
Apparatus 
Apparatus and measurement of responses were the same as in Experiment 1 except for the 
following. A RT task replaced the aversive electrotactile US of Experiment 1. Skin conductance 
responses were measured from the non-dominant hand, to allow participants to use their dominant 
hand for the RT task. Reaction time, measured by a custom-built hand held micro-switch, was 
recorded by a computer following the offset of one of the shapes.  
Procedure 
Pictures of a circle and an ellipse (as used in Experiment 1) served as stimuli in the 
discrimination and counting task.  Moreover, participants were asked to press the micro-switch as 
quickly as possible at the offset of one shape (CS+) but not at offset of the other (CS-). Four 
seconds following offset of the CS+, feedback was presented via a computer monitor located at eye 
level to the left of the slide projection screen. Feedback was presented for 4 s. For the first three RT 
trials, feedback consisted of the message “Well done/ Your reaction time was XXX ms/ You have 
earned 30 c/ Keep up the good work”. For the remaining RT trials, feedback was determined by the 
participant’s improvement from baseline RT, calculated from the previous three trials. If the RT 
was slower than the average RT across the three preceding trials, the message “Your reaction time 
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was XXX ms/ Your reaction time has not improved/ No reward on this trial/ Your total earnings so 
far are YYY c” was presented on the computer monitor. If the RT was faster than the average on the 
preceding three trials by less than 20 ms the message read “Well done/ Your reaction time was 
XXX ms/ It has improved by XXX ms/ You have earned 10 c/ Your total earnings so far are YYY 
c”. If the improvement was between 20 ms and 40 ms, the phrase “Well done” was substituted with 
“Very well done” and a 30 c reward was given. The phrase “Excellent” was displayed and a reward 
of 50 c was given if the improvement was more than 40 ms.  
Experiment 2 combined the discrimination and counting task with non-aversive 
conditioning. Participants in Group Attend CS+ were asked to press the micro-switch after the 
attended shape whereas participants in Group Attend CS- were asked to press the micro-switch after 
the ignored shape. Participants in both groups earned a monetary reward for performance of the RT 
task, and an additional monetary reward for performance on the discrimination and counting task. 
The remaining procedure was identical to that in Experiment 1, with the exception that no post-
experimental questionnaire was administered.  
Scoring, Response Definition and Statistical Analysis 
Reaction times greater than 1000 ms were excluded from the analyses. Reaction time 
following the offset of the CS+ was analysed in a 2 x 2 x 2 (Group [Attend CS+, Attend CS-] x 
Probe [trial with startle probe, trial without startle probe] x Half [first half of experiment, second 
half of experiment]) factorial ANOVA. The remaining scoring, response definition and statistical 
analyses were the same as for Experiment 1. 
Results 
Electrodermal responses  
The two groups did not differ in the number of spontaneous electrodermal responses during 
baseline, t(48) < 1.10. Follow-up tests to the Group x Attend interaction, F(1, 46) = 39.59, p < .001, 
ηp2 = .463, shown in the upper panel of Figure 2, confirmed that electrodermal responses to the 
attended stimulus were larger than to the ignored stimulus in Group Attend CS+, t(46) = 4.25, p < 
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.01, whereas the inverse held for Group Attend CS-, t(46) = 4.38, p < .01. Electrodermal responses 
decreased across blocks, main effect for Block, F(3, 44) = 22.29, p < .001, ηp2 = .603.  
Insert Figure 2 about here 
Blink Startle 
Blinks elicited during ITIs did not differ between groups in magnitude (Group Attend CS+: 
M = 820 A/D units, SD = 442; Group Attend CS-: M = 709 A/D units, SD = 487) or latency (Group 
Attend CS+: M = 40.1 ms, SD = 4.7; Group Attend CS-: M = 39.5 ms, SD = 5.6), both t(46) < 1. 
Examination of the 95% confidence intervals of the mean confirmed that startle magnitude during 
the attended shapes was larger than during ITIs in both groups (see lower left panel of Figure 2). 
Blink magnitude was larger during attended than during ignored shapes, main effect for Attend, 
F(1, 46) = 32.10, p < .001, ηp2 =.411. Significant startle latency shortening was evident during the 
attended shape in Group Attend CS+ and during the attended and ignored shapes in Group Attend 
CS- (see Figure 2, lower right panel). Analysis of blink latency shortening revealed a main effect 
for Attend, F(1, 46) = 14.66, p < .001, ηp2 = .242, and a Group x Attend interaction, F(1, 46) = 
17.00, p < .001, ηp2 = .270. Blink latency shortening was greater during the attended than during the 
ignored shape in Group Attend CS+, t(46) = 3.79, p < .05, but not in Group Attend CS-, t < 1. Blink 
latency shortening during attended and ignored shapes in Group Attend CS- were larger than during 
ignored shapes in Group Attend CS+, both t(46) > 2.54, p < .05. 
Task Performance and Reaction Time 
The correct number of attended shapes was reported by 29 participants (Group Attend CS+: 
13; Group Attend CS-: 16) and performance on the discrimination and counting task 
(correct/incorrect) did not differ between groups Χ2(1, N = 48) = .078, ns. Reaction time was slower 
in Group Attend CS+ than in Group Attend CS-, M = 377 ms, SD = 92.9 vs. M = 283 ms, SD = 
55.2, F(1, 46) = 17.87, p < .001, ηp2 = .280, and slower in the first half of the experiment than in the 
second, F(1, 46) = 39.96, p < .001, ηp2 = .465. Follow-up test to the Probed x Half interaction, F(1, 
46) =  20.00, p < .001, ηp2 = .303, revealed that RTs on probed trials were slower than on un-probed 
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trials in the first half of the experiment, M = 408 ms, SD = 159.8 vs. M = 332 ms, SD = 131.0, t(46) 
= 4.87, p < .05, but not in the second, M = 278 ms, SD = 70.8 vs. M = 301 ms, SD = 85.8, t(46) = 
1.46, ns. 
Discussion 
Consistent with the findings of Experiment 1, an effect of the combined experimental 
manipulations emerged in blink latency change, but not in blink magnitude change. Blink latency 
was shortened for blinks elicited during stimuli that were attended to, either because of the 
requirements of the discrimination and counting task or because of the non-aversive conditioning 
procedure. Combining the two task requirements for one stimulus led to an enhancement of blink 
latency shortening. It is interesting to note that in absence of the discrimination and counting task 
(i.e., ignored stimulus, Group Attend CS-), the RT task alone did not result in significant blink 
magnitude change. This pattern was observed although blink latency was shortened significantly 
during this stimulus. Moreover, electrodermal responding in this group was larger during the 
ignored stimulus, i.e., the warning stimulus of the RT task, than during the attended stimulus. This 
generates the impression that it was the RT task which primarily affected electrodermal responding 
in Experiment 2, rather than the discrimination and counting task, which seemed to drive 
electrodermal responding in Experiment 1. This may reflect on the motor preparation requirement 
which is associated with the RT task, but not the discrimination and counting task, and which is 
known to affect electrodermal responding (Boucsein, 1992).  
The fact that RT was slower in Group Attend CS+ than in Group Attend CS- suggests a 
degree of interference between the processing requirements of the non-aversive conditioning 
procedure and the discrimination and counting task. In Group Attend CS+, the reaction time 
procedure and the discrimination and counting task required that participants attend to the offset of 
the same stimulus. The slowed reaction time in Group Attend CS+ suggests that although similar, 
the requirements of the two tasks did not aid performance. Rather, the duration judgement required 
in the discrimination and counting task seems to have delayed the motor response to stimulus offset. 
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However, the electrodermal results do not suggest that the combination of tasks was associated with 
increased effort relative to their execution separately, as electrodermal responses during the 
attended stimulus in Group Attend CS+ were not larger than during the ignored stimulus in Group 
Attend CS-.  
General Discussion 
The present study was designed to investigate the effects of added emotional or attentional 
load on attentional startle modulation in a discrimination and counting task. Experiment 1 failed to 
yield an effect of aversive conditioning on blink startle magnitude modulation observed in the 
discrimination and counting task, although conditioning affected stimulus valence as indicated by 
post-experimental ratings. Blink latency shortening was larger during the attended CS+ in Group 
Attend CS+ than during both the attended CS- and the ignored CS+ in Group Attend CS-. The latter 
finding suggests that combining attentional and emotional load in one stimulus may affect blink 
startle modulation, although this effect was evident only in blink latency modulation. However, the 
overall effect of the added emotional component seems small relative to the effects of attention (see 
also Lipp et al., 2001; Vanman et al., 1996), a conclusion supported by the electrodermal data as 
well. The alternative interpretation that the conditioning manipulation used in Experiment 1 was not 
effective in modulating startle was dispelled by the results of Experiment 1a which yielded clear 
evidence for fear potentiated startle in the conditioning procedure used in Experiment 1.  
The attentional, non-aversive conditioning manipulation that was combined with the 
discrimination and counting task in Experiment 2 had a clearer effect on blink startle latency 
modulation than did the aversive conditioning procedure used in Experiment 1. The pattern of 
results seen (attended CS+ > attended CS- and ignored CS+ > ignored CS-) is the one predicted by 
an account that assumes a summation of the (modality non-specific) attentional and emotional 
effects of the experimental manipulations on blink startle.  
The present results can inform current literature on two important issues. First, there is a 
continuing debate about the nature of attentional startle modulation at long lead intervals. Whereas 
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some suggest that startle modulation is modality specific, such that directing attention away from 
the sensory modality in which the startle eliciting stimulus is presented will reduce startle; others 
argue for modality non-specificity, such that attention to the lead stimulus facilitates startle 
regardless of the sensory modality. The results of Experiments 1 and 2 are consistent with a 
modality non-specific view of attentional startle modulation. Whenever startle was affected by the 
experimental manipulations startle magnitude was enhanced and latency shortening increased, 
although the lead stimuli and the startle probes were presented in different modalities.  
Second, the results speak to the interaction between different sources of startle eyeblink 
modulation, emotion and attention. Experiment 1 investigated the effects of an emotional 
manipulation on attentional startle modulation in the discrimination and counting task whereas 
Experiment 2 investigated the effects of an additional attentional manipulation. The pattern of blink 
startle magnitude modulation results in the discrimination and counting task was not affected by the 
additional manipulation in either experiment. The two experimental manipulations had a significant 
additive effect on blink startle latency modulation in Experiment 2, whereas such an additive effect 
was only partially evident in Experiment 1. Although the combination of emotional and attentional 
effects resulted in larger startle latency shortening than did each manipulation in isolation, the effect 
of the single manipulations did not exceed that seen in the no emotion, no attention control 
condition (ignored stimulus in Group Attend CS+). Thus, the observation that the pattern of startle 
modulation in the discrimination and counting task was altered more consistently by non-aversive 
than by aversive conditioning seems to suggest that attention and emotion have independent and 
distinguishable effects on startle modulation. Effects of attention or emotion on startle modulation 
can be additive within manipulations: as seen in Experiment 2 for two attentional manipulations; 
and shown by Bradley, Mulder, and Lang (2005) for two emotional manipulations, aversive 
conditioning to pictures of different a-priori valence. Additive effects across sources of startle 
modulation seem more difficult to demonstrate. Vanman et al. (1996) have provided evidence for 
additive effects of emotion and attention across manipulations in a discrimination and counting task 
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that employed pictures of different a-priori valence, but did not replicate the result in their second 
experiment (see also Lipp et al., 2001, Experiment 1). This suggests that effects of attention and 
emotion on startle modulation can also be competitive: in Experiment 1, autonomic and skeleto-
motor responding was reflective mainly of the discrimination and counting task with little effect of 
the emotional manipulation although the latter was sufficient to support differential startle 
modulation itself, as shown in Experiment 1a.  
What determines the nature of the interaction between emotional and attentional sources of 
blink startle modulation is currently unclear. The present results do not suggest a simple 
relationship in which the ‘strongest manipulation takes all’. The electrodermal data suggest that 
different aspects of the experimental tasks were dominant in the two experiments, the 
discrimination and counting task in Experiment 1 and the non-aversive conditioning manipulation 
in Experiment 2, with little effect of the respective second task component. Blink startle latency 
modulation, on the other hand, revealed clear evidence for an effect of the secondary task 
component in Experiment 2, whereas little such effect was evident in Experiment 1. This pattern of 
results suggests a complex interplay between the attentional and emotional requirements of a task 
and their physiological sequelae. However, it also reinforces the contention that modality specificity 
is not an adequate criterion to distinguish emotional and attentional sources of blink startle 
modulation.  
Emotional and attentional load and attentional startle modulation 
22 
References 
Anthony, B. J., & Graham, F. K. (1985). Blink reflex modification by selective attention: Evidence 
for the modulation of ‘automatic’ processing. Biological Psychology, 21, 43-59. 
Böhmelt, A. H., Schell, A. M., & Dawson, M. E. (1999). Attentional modulation of short- and long-
lead-interval modification of the acoustic startle eyeblink response: Comparing auditory and 
visual prestimuli. International Journal of Psychophysiology, 32, 239-250. 
Boucsein, W. (1992). Electrodermal activity. NY: Plenum Press. 
Bradley, M. M., Cuthbert, B. N., & Lang, P. J. (1999). Affect and the startle reflex. In M. E. 
Dawson, A. M. Schell & A. H. Böhmelt (Eds.), Startle modification: Implications for 
neuroscience, cognitive science and clinical science (pp. 157-183). Cambridge: Cambridge 
University Press. 
Bradley, M. M., Moulder, B., & Lang, P. J. (2005). When good things go bad: The reflex 
physiology of defense. Psychological Science, 16, 468-473.  
Davis, M., Falls, W. A., Campeau, S., & Kim, M. (1993). Fear-potentiated startle: A neural and 
pharmacological analysis. Behavioural Brain Research, 58, 175-198. 
Dawson, M. E., & Schell, A. M. (1987). Human autonomic and skeletal classical conditioning: The 
role of conscious cognitive factors. In G. Davey (Ed.), Cognitive processes and Pavlovian 
conditioning in humans (pp. 27-55). NY: John Wiley & Sons. 
Dawson, M. E., Filion, D. L., & Schell, A. M. (1989). Is elicitation of the autonomic orienting 
response associated with the allocation of processing resources? Psychophysiology, 26, 560-
572.  
Filion, D. L., Dawson, M. E., & Schell, A. M. (1993). Modification of the acoustic startle-reflex 
eyeblink: A tool for investigating early and late attentional processes. Biological 
Psychology, 35, 185-200. 
Hamm, A. O., Greenwald, M. K., Bradley, M. M., & Lang, P. J. (1993). Emotional learning, 
hedonic change, and the startle probe. Journal of Abnormal Psychology, 102, 453-465. 
Emotional and attentional load and attentional startle modulation 
23 
Hamm, A. O., & Vaitl, D. (1996). Affective learning: Awareness and aversion. Psychophysiology, 
33, 698-710. 
Hawk, L. W., Redford, J. S., & Baschnagel, J. S. (2002). Influence of a monetary incentive upon 
attentional modification of short-lead prepulse inhibition and long-lead facilitation of 
acoustic startle. Psychophysiology, 39, 674-677. 
Howell, D.C. (1997). Statistical methods for psychology. Belmont, CA: Duxbury Press. 
Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1990). Emotion, attention, and the startle reflex. 
Psychological Review, 97, 377-395. 
Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1997). Motivated attention: Affect, activation and 
action. In P.J. Lang, R. F. Simons & M. Balaban (Eds.), Attention and orienting: Sensory 
and motivational processes (pp. 97-135). Mahwah, NJ: Erlbaum. 
Lipp, O. V. (2002). Anticipation of a non-aversive reaction time task facilitates the blink startle 
reflex. Biological Psychology, 59, 147-162. 
Lipp, O. V., Neumann, D. L., Siddle, D. T., & Dall, P. J. (2001). Assessing the effects of attention 
and emotion on startle eyeblink modulation. Journal of Psychophysiology, 15, 173-182. 
Lipp, O. V., Neumann, D. L., Pretorius, N. R., & McHugh, M. J. (2003). Attentional blink 
modulation during sustained and after discrete lead stimuli presented in three sensory 
modalities. Psychophysiology, 40, 285-290. 
Lipp, O. V., Siddle, D. A. T., & Dall, P. J. (1998). Effects of stimulus modality and task condition 
on blink startle modification and on electrodermal responses. Psychophysiology, 35, 452-
461. 
Lovibond, P. F., & Shanks, D. R. (2002). The role of awareness in Pavlovian conditioning: 
Empirical evidence and theoretical implications. Journal of Experimental Psychology: 
Animal Behavior Processes, 28, 3-26. 
Prokasy, W. F., & Kumpfer, K. L. (1973). Classical conditioning. In W. F. Prokasy and D. C. 
Raskin (Eds.), Electrodermal activity in psychological research (pp. 157-202). NY: 
Emotional and attentional load and attentional startle modulation 
24 
Academic Press. 
Putnam, L. E., & Vanman, E. J. (1999). Long lead inerval startle modification. In M. E. Dawson, A. 
M. Schell & A. H. Böhmelt (Eds.), Startle modification: Implications for neuroscience, 
cognitive science, and clinical science (pp. 72-92). Cambridge: Cambridge University Press. 
Vanman, E. J., Böhmelt, A. H., Dawson, M. E., & Schell, A. M. (1996). The varying time courses 
of attentional and affective modulation of the startle eyeblink reflex. Psychophysiology, 33, 
691-697. 
Weike, A. I., Schupp, H. T., & Hamm, A. O. (2007). Fear acquisition requires awareness in trace 
but not delay conditioning. Psychophysiology, 44, 170-180. 
Emotional and attentional load and attentional startle modulation 
25 
List of Figures 
Figure 1. Electrodermal responses to attended and ignored stimuli in Groups Attend CS+ and 
Attend CS- (upper panel) and blink magnitude (left lower panel) and blink latency change 
(right lower panel) during attended and ignored stimuli in Groups Attend CS+ and Attend 
CS- in Experiment 1 (error bars indicate standard error of the mean). 
Figure 2. Electrodermal responses to attended and ignored stimuli in Groups Attend CS+ and 
Attend CS- (upper panel) and blink magnitude (left lower panel) and blink latency change 
(right lower panel) during attended and ignored stimuli in Groups Attend CS+ and Attend 
CS- in Experiment 2 (error bars indicate standard error of the mean). 
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